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Echinoderms of southern Taiwan. Bull. Inst. 
An account of the Asteroidia, Ophiuroidea, 


Echinoidea, and Holothuria (Echinodermata) which were collected from the littoral 
zone of Southern Taiwan, Liu-chiuyu, and Lanyu is given. Distribution tables and 
full systematic accounts for 31 Species of 25 genera are presented. Eighteen of the 


species described are new to Taiwan. 


The invertebrates and alage associated with the littoral Echinoderms of Taiwan 
are compared to those of the Philippines. 


Ras several papers on various classes 
of echinoderms have been published (Chen 
and Chang, 1981; Hayasaka, 1949; Wu, 1982); 
to date, however, there has been no compre- 
hensive survey of the four classes of echino- 
derms in Southern Taiwan. 

This report describes the  echinoderm 
specimens coljected over a period of eight 
months from the littoral zones of south- 
western Taiwan and from the small islands of 
Liu-chiu-yu and Lan-yu. For comparison pur- 
doses collections were also made in similar 
littoral zones on the islands of Negros, Siquijor, 
and Sumillon, in the Philippines. Included 
with the systematic accounts and the distribu- 
tion tables of the Asteroidea, Ophiuroidea, 
echinoidea, and Holothuria, are field notes 
which are intended to allow a more complete 
understanding of the intertidal environment 
that supports these creatures. Although the 
littoral or intertidal zone is usually defined as 
a coastal area that is alternately covered and 
exposed by the changes in tide, this study 
includes, in many cases, the subtidal zone to 
a depth of about 10 meters. 


MATERIALS AND METHODS 


Asteroidea and Ophiuroidea were relaxed 
in aqueous MgSO, (80 grams MgSO, in 14 
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tap water) befor fixing in 1095 formaldehyde. 
Echinoidea were injected with and then pre- 
served in 10% formalin, and the Holothuria 
were injected with and stored in 70% ethanol. 
All except the Holothuria were dryed after 
preservation. Sea urchin tests were cleaned _ 
with Chlororox (active ingredient, sodium 
hypochloride, 3.5%). 

Permanent whole mounts were made of 
Holothurian spicules and Echinoidean pedi- 
cellaria by placing small pieces of the skin of 
each specimen on a microscope slide, flooding 
the slide with Chlorox, drying, rinsing in tap 
water, drying again, and mounting a cover 
slip on the slide with Canadian balsam. For 
details of this method refer to Rowe and 
Doty, 1977. f 

Sipunculoid worms were relaxed in the 
MgSO, solution used above and preserved in 
1075 formalin before the rock around them 
was chipped away. The surface area of rock 
samples was determined by using the method 
of Marsh, 1970. Whole mounts of the intro- 
verts and skin tuberacles of the worms were 
made by dehydration in an ethanol series and 
mounting in Canadian balsam. Whole mounts 
of brittle star eggs and sperm were made 
using an ethanol dehydration series before 
mounting with Canadian balsam. 

Collections were made by hand using 
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mask and snorkel and with SCUBA equipment. 
An echinoderm dredge was constructed accord- 
ing to Knudsen, 1966, but its use was greatly 
hindered by the rocky substrate at the collec- 
tion sites. 

Specimens collected in the Philippines are 
in the Silliman Natural History Museum, 
Silliman University, Dumagnete, with the 
exceptions of  Macrophiothrix longipeda, М. 
koehleri, Archaster angulatus, A. typicus, and 
Patiriella exigua, which can be found in The 
Tunghai University Natural History Museum, 
Tunghai University, Taichung, where the 
specimens collected in Taiwan are also depo- 
sited. 


RESULTS 


Collecting schedule and site descriptions 


During the months of September through 
December, 1982, collections were made by the 
author, Professors Yu, Ming-chin, and Lin, 
_ Shan-hsiung. In the month of February, 1983, 
about 20 man-hours of actual collecting time 


was spent by the author and his wife in the | 


Philippines on the islands of Negros, Siquijor 
and Sumillon. During the months of March 
through June approximately 320 man-hours 
were spent in the field by twelve Tunghai 
students, the author, and his assistant Mr. 
Hsueh, Pan-wen, collecting the following sites 
in Taiwan: 


I. Southern Coast of Taiwan (jpg SIME) 


A. Hai-kou (#11), limestone platform. 

B. Wan-li-tung (НЕ), limestone plat- 
form. 

C. Bai-sha (rib), sandy cove. 

D. Mao-bi-tou ($38), limestone plat- 
form. 

E. Fan-yen (fà), sandy cove. 

Е. O-Luan-pi ($8585), limestone platform, 
* coral rubble. 

Il. Liu-chiu-yu (РИ) 

А. Du-tsai-ping (HIT), 
stone platform. 

B. Lung-hsia-tung (ЕЯ), 
limestone platform. 


intertidal lime- 


intertidal 


C. San-pan-lu (228818), intertidal platform; 
basalt rock. 
ПТ. Lan-yu (ВЕР) 
А. Man-tou-shan (ЕШ), 
platform. 
B. Yeh-yu (ffi), limestone platform. 


C. Shuang-shih (у), 
platform. 


D. Tung-chin wan (RH), 
platform. 


limestone-lava 


limestone-lava 


cove and 


As indicated by the brief site descriptions 
above, the littoral zones of southern Taiwan, 
Liu-chiu-yu and Lan-yu, can be divided into 
two major catagories, limestone platforms and 
sandy coves. Previously, workers have reported 
on the subtidal elements of these platforms 
and coves in southern Taiwan (Jones et al., 
1972), Liu-chiuyu (Yang et al, 1975), and 
Lan-yu (Kawagut, 1953), but little detailed 
information is available on the intertidal areas. 
In an attempt to further our understanding 

of the littoral or intertidal zones, the Е 
descriptions are presented. 

In southern Taiwan the platforms are first 
encountered at the village of Hai-kou; they 
extend down the western coast around the tip 
of Taiwan at O-luan-pi, and up the eastern 
coast for several kilometers. The limestone 
in these platforms is actually a Pleistocene 
coral reef which was formed about 330,000 
years B. P. (Hu, 1982). At O-luan-pi the lime- 
stone is a conglomerate of consolidated coral 
rubble and basalt pebbles, whereas at Lan-yu 
the majority of the limestone ringing the 
island is a conglomerate of volcanic rock and 
consolidated coral fragments. At Liu-chiu-yu 
the limestone of the platforms that form the 
coast of the island appear to be an ancient 
reef structure, but its geological history is 
unknown. 

Large grooves, which run perpendicular 
to the coast line, cut the platforms into a 
series of ridges which are usually referred to 
as spurs (Shinn ef al., 1982). Ordinarily both 
the spurs, which are essentially thick walls of 
limestone and the grooves which are channels 
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separating the spurs, run through the unsub- 
merged part of the platform, cut through a 
narrow intertidal zone and continue into the 
subtidal zone where the tops of the spurs may 
be under several meters of water. Frequently 
the spurs in the subtidal zone are broken and 
appear as submerged pillars and toppled masses 
of eroded limestone. Waves usually break in 
the intertidal or littoral zone with the action 


of the waves forcing the sea into the grooves 


which travel well into the unsubmerged part 
of the limestone platform. 


Typically the littoral zone of the southern 
region consists of 1) a narrow band, about 
one meter to 10 meters wide, of wave impacted 
rock at the seaward edge of the limestone 
platforms, and 2) intertidal pools in the wide 
shallow grooves of the unsubmerged parts of 
the platforms. 

The narrow littoral band is usually covered 
with a mat of marine algae of the genera 
Acanthophora, Gelidiella and Laurencia, with the 
Acanthophora type dominal. The numerous 
pits and miniature caves on the seaward border 
of the band provide shelter for a variety of 
Amphipods and Branchyous crustaceans as 
well as immature Ophiocoma  scolopendrina, 
and adult Ophiocoma dentata. Chitons, classified 
as Acanthophora spinosa and Liolophura gaimardi 
are infrequently found and gastropod molluscs, 
Mitra zebra and Morula marginalba, are common 
in this zone, but the dominant species are 
found within the rock itself. Sipunculoid 
worms exist at all sites in burrows in the 
limestone at densities that range from 175 to 
1729 worms per m? of surface area. The most 
frequently found species of the Sipunculoids 
are Phascolosoma nigrescens and Paraspidosiphon 
steenstrupi; smaller numbers of Aspidosiphon sp. 
are also present. The burrows of the Sipun- 
culoids fit the worms bodies very precisely, 
whereas, the polychaete worms found in the 
same rocks innably natural faults in the 

limestone. 

| Next to the splash zone where an algae 
mat is scattered or non-existant, there are 
usually large numbers of adult Ophiocoma 
scolopendrina which dwell in miniature caves 


and on Lan-yu the littoral area nearest the 
splash zone contain O. scolopendrina 'and the 
limpet, Cellana stearnsi. On the seaward side 
of the littoral zone, as the subtidal area is 
entered, large numbers of Echinometra mathaei 
may be found, and on Lan-yu, at Tung-chin 
bay, Heterocentrotus mammillatus are present. 
At water depths of 5 to 10 meters Ophiomastix 
annulosa as well as diadematoid sea urchins are 
abundant. | 

The intertidal pools found in grooves in 
the unsubmerged areas of the platforms ordi- 
narily vary in depth from a few centimeters 
to two meters, contain limestone rubble and 


. sand, and are sparcely vegetated with algae, 


the dominant genus being Gelidiella, A variety 
of brittle stars inhabit these pools and occa- 
sionally the Holothurians, Holothuria atra, 
Synapta maculata and Actinopyga echinites are 
found as well as Linckia laevigata and diadema- 
toid sea urchins. 

The littoral zones of all sites of Taiwan 
which are designated as limestone platforms 
are of the varieties mentioned above. On 
Liu-chiu-yu there exists broad, submerged 
platforms which are reminiscent of back reef- 
areas encountered in the Carribean (Rutzler 
and Macintyre, 1982). | 

The landward side of the three intertidal 
platforms studied at Liu-chiu-yu (Du-tsai-ping, 
San-pan-lu and Lung-hsia-tung) abut against 
limestone cliffs; the seaward edges of the plat- 
forms are raised, forming a reef crest which 
protects the main width of the platform from 
strong wave action. These platforms can be 
divided into landward, middle, and seaward 
zones; the width of each of the three zones 
is about 75 meters. 


The first or landward zone starts at the 
base of limestone cliffs and contains large 
intertidal pools at the foot of the cliffs as well 
as a limestone pavement covered with coral 
sand. Small patches of Thalassia at a density 


of 12 blades of grass рег m^ and larger areas 
of matted seaweed cover 7896 of the surface. 
Water depth varies with the tide from two to 
50cm. The seaweeds most frequently collected 
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have been identified by Dr. S.H. Lin as 
Acanthophora akoii Okam., Gelidiella acerosa 
(Forsk.), Laurencia intermedia Yamada and 
Padina commersonii Bory. Associated with the 
coral rubble in the first zone are adult Ophio- 
coma scolopendrina, young O. dentata, Portunus 
crabs, Crangon and Scyllarus shrimp, polychaete 
worms, and the bivalve, Volsella nipponica. 
The large intertidal pools frequently contain 
luxuriant growth of Caulerpa racemosa with 
rare occurences of Synapta maculata and Holo- 
грипа atra. “5 | 

In the second or middle zone the surface 
of the bare coral pavement or sandy substrate 
is about 63% covered with matted seaweed of 
the species listed above; the growth of Parina 
commersonii is more robust in this area. The 
water depth varies from 5cm to 1.25 m and 
the depth of the intertidal pools in this zone 
at low tide is from 7 to 30cm. The assem- 
blage of invertebrates associated with coral 
rubble in the middle zone is about the same 
as found in the first zone with the following 
exceptions: 1) Adult Ophiocoma dentata are 
present with medium sized O. scolopendrina. 
2) Small starfish, Linckia laevigata, are present, 
and 3) The small cryptic Holothurians, Holo- 
thuria arenicola, and H. rigida exist under rocks. 

The substrate in the third or seaward zone 
is highly pitted limestone covered with sea- 
weed; the genus, Acanthophora is the dominant 
type. Water depth ranges from 2cm to 2m, 
and even at low tide there is a constant flow 
of water from the open sea over this area. 
All of the invertebrates found in the other 
two zones are present in the seaward area, but 
there is a greater variety and number of organ 
isms. Macrophiothrix longipeda is frequently 
encountered with large numbers of Ophiocoma 
scolopendrina juveniles, and infrequently Ophio- 
coma pica, O. brevipes, O. erinaceus, Ophiactis 
fuscolineata and Obphiostigma rugosum. are all 
found. Starfish include Linekia laevigata (ab- 
undant), Culcita novaeguineae (тате), and 
Monachasier sanderi (rare). As the platform 
slopes into the deeper water of the subtidal 
zone, numerous Echinoidea are found. In the 


seaward zone Holothurians are abundant with 
Actinopyga echinites dominant at a density of 
two per 10m’; Actinopyga mauritiana and . 
Holothuria atra are also frequently encountered. 

The intertidal platforms at Lung-hsia-tung 
and San-pan-lu are similar to the intertidal 
area at Du-tsai-ping, although at San-pan-lu 
there is a large area covered with basalt rock. 
In the Philippines on the island of Siquijor 
there is an intertidal platform that is similar 
to those of Liu-chiu-yu, however, the Philip- 
pine platform contains a. limited array of 
organisms with O. scolopendrina and Thalassia 
sp. dominating the ecosystem. 

In Taiwan and at the Geliga-on site in 
the Philippines the unsubmerged limestone 
platform system is periodically interrupted by 
sandy coves which are formed where fresh- 


.water streams cut through the platforms. On 


the shore of the coves the platform is replaced 
by a beach of terrigenous sand; the submarine 
substrate of the cove is usually rock and sand. 
At the Fan-yen site in southern Taiwan the 
sea urchin, Tripneustes gratilla, is found at a 
density of 18 per m’ at a depth of 3.2m. 
Under the limestone and basalt rocks on the 
floor of the cove, Ophiocoma dentata is abund- 
ant. 

There exists in the Philippines an eco- 
system that is rich in number and variety of 
echinoderms and that is lacking in southern 
Taiwan, Liu-chiu-yu, and Lan-yu. The Philip- 
pine ecosystem consists of huge areas of living 
coral reef, surrounded by coral pavement, 
coral and terrigenous sand, and covered by 
calm, shallow water. 


Systematic accounts and distribution tables 


Only the systematic account of the species 
from Taiwan are included in this report. 
Reference materials for this section include 
Koehler (1922), Hayasaka (1948, 1949), Deva- 
ney (1974, 1978), Marsh (1974) and Rowe and 
Doty (1977). 

Distribution data for the Philippines and 
the South China Sea are from Clark and Rowe 
(1971). An asterisk ( * ) in the distribution 
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tables (Tables 1-4) indicates a confirmed 
report of the species, whereas, a plus sign (+) 
indicates an unconfirmed report. The numbers 
under the column, Taiwan, are the numbers of 


the references giving the reports. The letter 
“T” in the column. This Paper, indicates 
specimens from Taiwan; the “P” is for 


species found in the Philippines. Since no sea 
cucumbers were collected in the Philippines, 
range data for the Philippines is omitted from 
the Holothuriodean table. 


I. Asteroidea systematics 


(Table 1) 


1. Monachaster sanderi (Meissner) 
(Fig. 16 and 20) 
Monachaster sanderi, Clark and Rowe, 1971: 48. 


Materials examined and localities: Taiwan— 
Liu-chiu-yu, Du-tsai-ping, 2 specimens, R= 
2.2 ст г=1.4 ст, R=4.2 cm г=2.3 ст. 

Diagnosis: Tube feet have a terminal disc. 
Abactinal plates bear small granules and are 
reticulated. The superomarginal and infero- 
marginal plates have small tubercles, are of 
equal size, and form a conspicuous border 
around the animal. The length of the bibalved 
pedicellariae is c, 1/4 the diameter of the 
plates bearing them. Enlarged granules parallel 
the sides of the furrows, but the granules are 
the only armament present. 

Remarks: Both specimens were found in 
intertidal pools, depth 0.5-1 m. 


2. Culcita novaeguineae 
(Müller and Troschel) 


(Fig. 21) 


Culcita novaeguineae, Hayasaka, 1948: 14, PI, IT, fig. 
3; Clark and Rowe, 1971: 54, PL 27, figs. 3-5. 


Materials examined and localities: Taiwan— 
Liu-chiu-yu, Du-tsai-ping, 1 specimen, R=98cm 
r=92 cm. 

_ Diagnosis: Tube feet have a terminal disc. 
"Abactinal plates from a reticulum which is 


covered by a thick, granule bearing skin. The 
R/r ratio is very near unity. The marginal 
plates do not form a conspicuous border 
around the animal. Spinelets and tubercles 
are present within the pore areas which are 
small and frequently confluent. This specimen 
is a pale moss-green with the furrows marked 
in butter-yellow. 

Remarks: The single specimen was found 
on exposed rock at the seaward edge of an 
intertidal platform at a depth of 2.5 m. 


3. Leiaster glaber (Peters) | 
(Fig. 15) 
Leiaster glaber, Clark and Rowe, 1971: 57. 


Materials examined and localities: Taiwan— 
Lan-yu, Man-tou-shan, 2 specimens, R —27.5 cm 
r—2.4 cm, R =29.9 cm r—2.6 cm. 

Diagnosis: Tube feet have a terminal disc. 
The marginal plates are not conspicuous and 
the reticular skeleton forms longitudinal rows 
of plates along the arms. The entire body is 
covered with thick crimson skin; the only 
armament consists of a single row of spatulate 
spines on each adambulacral plate. Furrow 
spines are not grooved, and there are no cry- 
stal bodies embedded in the reticular skeleton. 

Remarks: One specimen was found on 
coral rock at depth of 8m. The larger speci- 
men was found in a cave at 20 m. 


4. Linckia laevigata (Linnaeus) 


Linckia laevigata, Hayasaka, 1949: 16, Pl. WI, fig. 
1; Clark and Roew, 1971: 62. 


Materials examined and localities: Philip- 
pines—Dumagute, 2 specimens, В=11-13 ст 
r—1.5-2cm. Taiwan—Hai-kou, 9 specimens, 
В=11-15 ст r=1.3-2.2cm, collector Rocky 
Epstein; Lan-yu, Tung-chin bay, 2 specimens, 
R—11 ст г=1-1.3 cm, Liu-chiu-yu, San-pan-lu, 
3 specimens, R—11-15cm г=1.1-2.1 ст, Liu- 
chiu-yu, Du-tsai-ping, 5 specimens, R—7-13 cm 
r —0.5-2 cm. 


Diagnosis: Tube feet have terminal discs 


and the abactinal plates are granule covered 


and form a reticulum. The marginal plates 
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TABLE 1 
Asteroidea distribution 


Taxa Philippines China Sea Taiwan This paper 


OREASTERIDAE 
Asterodiscus elegans 
Choriaster granulatus 
Culcita novaeguineae 
Pentaster obtusatus 
Poraster superbus 
Protoreaster nodosus 


OPHIDASTERIDEA 
Celerina heffernani 
Certonardoa semiregularis 
Fromia milleporella 
F. monilis 
Gomophia egyptiaca 
Linckia guildingi | p * T 
L. levigata * o (Hayasaka, 1949) T, P 
L. multifora f 
Магаоа frianti | dono ut nir DE — 

N. novaecaledoniae ; * 

N. tuberculatta 

Ophidiaster granifer ж | 

О. kemprichi Е. x 

Tamaria fusca © x% 

Leiaster glaber | | "uh T 


LUIDIIDAE 
Luidia aspera ok 
Luidia hardwicki | | * 
L. maculata * 
L. magnifica * 
ASTROPECTINIDAE 
Astropecten mindanensis * 
A. monacanthus 
A. polyacanthus 
A, umbrinus 
Craspidaster hesperus * 


ARCHASTERIDAE 


Archaster angulatus + P 
A. typicus (Hayasaka, 1949) P 


GONIASTERIDAE 
Anthenea grayi * 
A. pentagonula 
A. viguieri ' * 
Calliaster childreni 
Goniodiscaster forficulatus * 
Monachaster sanderi T 
Ogmaster capella * 
` Stellaster equestris ж. 


(Hayasaka, 1949) T 


+ 


(Hayasaka, 1949) 


хх 


* 
* 
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TABLE 1 Е 
Asteroidea distribution (continued) 


а 


Таха Philippines 


METRODIRIDAE 
Metrodira sublata * 
ASTERINIDAE 
Asterina burtoni 
A. coronata 
Nepanthia maculata 
Patiriella exigus 
ACANTHASTERIDAE 
Acanthaster planci * 
MITHRODIIDAE 
Mithrodia clavigera x 
ECHINASTERIDAE 
Echinaster luzonicus * 


China Sea Taiwan This paper- 
* 
+ P 
+ (Hayasaka, 1949) P 


ж 


-_--————— —— ÀÀ— 


are not evident from the dorsal side and the 
arms are long and tubular. There are no 
spines. Although the marginals form a regular 
series, the rounded abactinals are irregularly 
arranged. The single series of subambulacral 
spines on each side of the furrow are not 
staggered. The color is a solid blue, blue-green, 
or pinkish-tan. 

Remarks: L. laevigata is the most common 
starfish in Taiwan. It is usually found on 
intertidal platforms at a depth of from 0.5 to 
3 m. 


II. Ophiuroidean systematics 


(Table 2) 


S. Amphipholis misera (Koehler) 


Amphipholis misera, Clark and Rowe, 1971: 99. 


Materials examined and localities: Taiwan— 
Fan-yun, 1 specimen, d.d. 2.4 mm. 

Diagnosis: A pair of infradental papillae 
are present below wide square teeth; three 
oral papillae line each side of the jaw and the 
outermost is elongated. The disc is evenly 
scaled and the oral shields are longer than 

wide. | 


Remarks: The specimen was found under 


rock on a sand bottom at 2.5 m depth. 


6. Ophiostigma rugosum (Clark) 
Ophiostigma rugosum, Clark and Rowe, 1971: 98. 


Materials examined and localities: Taiwan — 
Liu-chiu-yu, Du-tsai-ping, 4 specimens, d.d. - 
3-5.5 mm. 

Diagnosis: Teeth are wide and square 
with three oral papillae on each side of the 
jaw, and two infradental papillae immediately 
below the teeth are on the jaw apex. The 
disc bears blunt spines. 

Remarks: These specimens were collected 
from intertidal pools 0.5 to 1m in depth on 
an intertidal limestone platform. This species 
is found in honey-combed rock which is en- 


crusted with algae. 


7. Ophiactis fuscolineata (Clark) 
Ophiactis fuscolineata, Clark and Rowe, 1971: 104. 


Materials examined and localities: Taiwan — 
Liu-chiu-yu, Du-tsai-ping, 4 specimens, d.d. 
1.7-2.5 mm. ` 

Diagnosis: One tooth papilla, rounded 
teeth, and one broad oral papillae are present; 
a single, round tentacle scale is found on the 
arm segments. The dorsal arm plates of the 
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five arms are square to quadrilateral and are 
in broad contact with each other. There are 
five arm spines per segment, and the radial 
shields are approximately one half the radius 
of the disc in length. Disc and arms are a 
light gray with light tan markings. 

Remarks: This species exists with other 
smaller Opiuroidea in a zone of an intertidal 
platform that is matted with seaweed of the 
Acanthophora and Gelidiella species, and that 
boarders the seaward side of the platform; 
water depths vary from 2cm to 2m. 


8. Ophiactis maculosa (von Martens) 


Ophiactis maculosa, Clark and Rowe, 1971: 105. 


Materials examined and localities: Taiwan— 
Mao-bi-tou, 3 specimens, d. d. 2.5-5.0 mm. 

Diagnosis: A single tooth papilla and one 
broad scale-like oral papilla on each side of 
the jaw are present. The radial shields are 
large, up to half the disc radius, and the 
aboral shields separate the first ventral arm 
plate from the second. The six arms have on 
each side of a segment four spines which are 
are uniform in length. 

. Remarks: 
at the edge of an intertidal pool at a depth of 
about 4cm. The oral surfaces were embedded 
in Desmospongiae which were growing in small 
holes in the limestone; the arms paralleled 
each other as they extended over the aboral 
side of the discs into open water. 


9. Macrophiothrix longipeda (Lamaauck) 
(Fig. 4 and 9) 


Macrophiothrix longipeda, Clark Rowe, 1971:114, PI. 
16, fig. 4; D. M. Devaney, 1974; 140. 


Material examined and localities: Philippines 
—Geliga-on, Siaton, 1 specimen, d.d. 20mm; 
Taiwan—Liu-chiu-yu, Du-tsai-ping, 1 specimen, 
d. d. 25 mm. 

Diagnosis: A cluster of tooth papillae are 
present; no oral papillae and the teeth are 
conical, the dorsal disc is armed with short 
spiney stumps except for the radial shields 
which are covered with granules. Ventrally 


All three specimens were found 
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the oral shields are bare. Disc to arm ratios 
run from 1:12 to 1:15. The dorsal arm plates 
are trapeziform with the distal edge of the 
plate wider than the proximal. The arm 
spines are barbed along their length and are 
not clavate at the tip. Both the dorsal arm 
plates and the ventrals, which are square to 
rectangular, are marked by black spots and 
short black lines. 

Remarks: This species is quite common 
in Taiwan. It is usually found in an intertidal 
zone that is nearest the seaward edge of lime- 
stone platforms at a depth of 2cm to 1.5m. 
The discs are usually deep in holes in the 
solid limestone; frequently these holes are also 
occupied by a shrimp of the Crangon genus. 
The arms of M. longipeda are usually spread, 
motionless, on the surrounding mat of seaweed, 
and the tubefeet are used to pass food particles 
to the disc. When touched the arms are 
leisurely, but completely, drawn into the holes. 
When first captured the arms are usually looped 
over the disc covering it, but if M. longipeda 
is left unmolested on а flat surface it moves. 
with surprising speed by using its arms much 
like a "sidewinder" rattlesnake uses its body. 


10. Ophiothrix savignyi 
(Müller and Troschel) 


Ophiothrix savignyi, Clark and Rowe, 1971: 109. 


: Materials examined and localities: Taiwan— 
Liu-chiu-yu, Du-tsai-ping, 1 specimen, d.d. 
3mm. 

Diagnosis: No oral papillae; cluster of 
tooth papillae present. Disc, dorsal and vent- 
ral, including radial shields, armed with short 
trifid spines. No webbing on the arm spines 
which are c, 2.5 times a segment length. 
Dorsal arm plates wider than long. The distal 
edges of the ventral arm plates are concave. 


11. Ophiothrix (Keystonea) vincina (Koehler) 


Ophiothrix (Keystonea) vincina, Clark and Rowe, 
1971: 107. 


Materials examined and localities: Taiwan— 
Wan-li-tung, 1 specimen, d. d. 4.5 mm. 
Diagnosis: No oral papillae but a cluster 
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of tooth papillae present. The flat radial 
shields are bare and relatively large (about 
two-thirds the disc radius in length) with their 
adradial edges concave. Short, barbed spine- 
lets are found on the peripheral disc scales, and 
the arm spines are barbed, but not webbed. 
The dorsal arm plates are complete and fan 
shaped, but are not carinate. The arms have 
a dorsal light line and the entire preserved 
animal is blue. | 

Remarks: The single specimen was found 
under rocks in an intertidal pool of 1.2m 
depth. 


12. Ophiocoma brevipes (Peters) 


Ophiocoma brevipes, Koehler, 1922: 319-322, Pl. 72, 
figs. 6-9; Clark and Rowe, 1971: 119; Devaney, 
1974: 151-152. 


Materials examined and localities: Philippines 
~-Dumaguete, | specimen, d. d. 10 mm; Taiwan 
—Liu-chiu-yu, Du-tsai-ping, 5 specimens, d. d. 
6-10 mm; O-Luan-pi, 1 specimen, d.d. 5mm. 

Diagnosis: Both oral and tooth papillae 
are present; teeth are conical at the tip. The 
disc is tan with light brown radiating lines 
and is evenly granulated dorsally and in the 
ventral interradii. Arms with two tentacle 
scales are tan with brown bands; second and 
third arm spines are shorter than the length 
of segment. 

Remarks: О. brevipes is found оп sand, 
beneath rocks, and is usually associated with 
seaweed in intertidal areas; water depth from 
2cm to 1.5 m. 


13. Ophiocoma dentata 
(Miiller and Troschel) 


(Fig. 2) 


Ophiocoma dentata, Koehler, 1922: 238; Clark and 
Rowe, 1971: 119, Pl. 18, figs. 2 and 3; Devaney, 
1974: 153-154. 


Materials examined and localities: Taiwan— 
Liu-chiu-yu, Du-tsai-ping, 5 specimens, d.d. 
10-16 mm; Hai-kou, 1 specimen, d.d. 10 mm; 
. Mao-bi-tou, 8 specimens, ripe gonads, d.d. 7- 
12mm; Fan-yen, 13 specimens, d.d. 6-11 mm; 
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O-Luan-pi, 2 specimens, d.d. 12-23 mm. 

Diagnosis: Both oral and tooth papillae 
are present in these specimens, and the teeth 
are rounded and conical at the tip. The discs 
are dark in color with mottling and spotting; 
fine granules of uniform size cover the dorsal 
disc and the ventral interradii. Two tentacle 
scales are found on the arms which are dark 
and usually banded. 

Remarks: О. dentata are quite common 
in Taiwan, they are usually found seaward 
from the major population densities of O. 
scolopendrina. O. dentata and O. scolopendrina 
are frequently found together under rocks, on 
sand, at the seaward edge of the intertidal 
zone at a depth of 2cm to 2 meters. Both 
species breed at the same time (May and 
June), but there is little evidence of hybridi- 
zation, in fact, when the two species are put 
in the same collecting bag the O. scolopendrina 
tend to feed on the O. dentata. 


14. Ophiocoma erinaceus 
(Müller and Troschel) 


Ophiocoma erinaceus, Koehler, 1922: 322-324, Pl. 73, 
fig. 7; Clark and Rowe, 1971, 119; Devaney, 
1974) 155-156. 


Materials examined and localities: Taiwan— 
Liu-chiu-yu, Du-tsai-ping, 2 specimens, d.d. 
5-19; Mao-bi-tou, 1 specimen, d.d. 5.2 mm; 
O-Luan-pi, 1 specimen, d. d. 6 mm. 

Diagnosis: Both oral and tooth papillae 
are present. The jaw structure. is essentially 
the same as O. scolopendrina except that the 
oral shields are a dark black. The dorsal disc 
is granulated and the granules form "V" areas 
on the ventral interradii. Arm spines alternate 
three and four, with three spines on the third 
arm segment from the oral shield. The ventral 
arm plates are a dark gray and have two 
tentacle scales. 

Remarks: О. erinaceus is found in the 
middle intertidal zone with errant О. scolopend- 
rina at depths of 5cm to 2m. O. erinaceus is 
always found under rocks and in areas matted 
wtih seaweed. 
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15. Ophiocoma pica (Miiller and Troschel) 


Ophiocoma lineolata, Koehler 1922: 324-325, РІ. 73, 
figs. 1-4. 

Ophiocoma pica, Clark and Rowe, 1971: 118, РІ, 18, 
fig. 4; Devaney, 1974: 159. 


Materials examined and localities: Taiwan— 
Mao-bi-tou, 2 specimens, d.d. 5 and 7mm; 
Liu-chiu-yu, Du-tsai-ping, 1 specimen, d. d. 
8 mm. 

Diagnosis: Both oral and tooth papillae 
are present. The dorsal disc is covered with 
extend a short distance ventrally in the inter- 
radii. Many of the proximal arm segments 
have five spines on each side with no alter- 
nation of spine number. Light tan radial lines 
are present on a light brown disc. 

Remarks: These two specimens were 
collected from an intertidal pool 1.2m deep 
from under rocks lying on sand; O. incrassata 
was found in the same pool. 


16. Ophiocoma scolopendrina (Lamarck) 
(Figs. la, b, 5, 10, 11, 12, 13, and 14) 


Ophiocoma scolopendrina, Koehler, 1922: 237; Clark 
and Rowe, 1971: 119, P1. 17, figs. 3, 4; Devaney, 
1974, 161. 


Materials examined and localities: Philippines 
—Siquijor 40 specimens, d. d. 3-15 mm; Duma- 


geute, 3 specimens, d.d. 18-23 mm; Nagba- · 


Siaton, 3 specimens, d. d. 16-21 mm. Taiwan— 
Liu-chiu-yu, Du-tsai-ping, 53 specimens, d. d. 2- 
20mm; Liu-chiu-yu, San-pan-lu, 89 specimens, 
аа 5-22 mm; Liu-chiu-yu, Lung-hsia-tung, 84 
specimens, d. d. 8-24 mm; Hai-kou, 3 specimens, 
d.d. 9-12 mm; Mao-pi-tou, 61 specimens, d. d. 
1.7-23 mm; Fan-yen, 1 specimen, d.d. 23mm; 
O-Luan-pi, 12 specimens, 8-23 mm. 

Diagnosis: All specimens classified as O. 
scolopendirna have four oral papillae on each 
side of the jaw, and in the adults, the 8-12 
tooth papillae form parallel columns from the 
apex of the jaw to the teeth. The four teeth 
are square tipped and flat (see Fig. 6). The 
number of spines per arm segment alternate 
with three spines on each side of one segment 
and four spines on each side of the neighbor- 
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ing segment. A row of disc scales parallels 


the genital slit on the interradial side of the 
slit. Other taxonomic characteristics are 
variable in Taiwanese Scolopendirna. 

The color of the preserved specimens 
varies from a whitish gray to a dark black, 
and from a light brown to a dark rusty brown. 
Some of the specimens which are dark-reddish 
brown on their aboral surfaces have rust-red 
tentacles. The oral side of the arms and disc 
of all specimens is a cream color with small 
black or gray patterns on the ventral arm 
plates and the oral shiecds. The arms may 
be banded or of a solid color, and the disc 
may be mottled or without pattern. 

The "V" of disc granules on the ventral 
interradii of the oral surface of the disc varies 
somewhat in length and width, but granules 
never extend to the genital slit or to the oral 
shields. - | XT | 

The upper-most spines on the arm may 
be markedly thicker or longer than the under- 
lying spines, but in many cases the most dorsal 
spines are about the same size as the spines 
immediately ventral to them (see Fig. 11). 
The shape of the spines run from rather long 
spines, which are c. 3.2 times the length of 
the segment, and are slightly clavate at the tip 


‘(see Fig. 13) to broad, paddle-shaded spines 


(see Fig. 12), to spines that are short, flat 
and leaf-shaped (see Fig. 14). Spines may be 
of a uniform color, banded, or spotted. 


Paired tentacle scales may run half the 
length of the arm or appear irregularly along 
the proximal part of the arm (see Fig. 1а). 
Disc to arm ratios vary from 1:44 to 1:6.8, 
and the number of disc granules ranges from 
3 to 7 granules per linear mm. 

The upper arm plates may be rhomboidal, 
fan-shaped, or eliptical. The shape of the 
dorsal arm plates seems to vary with the width 
of the lateral arm plates. If both lateral 
plates are narrow, then the dorsal plate of the 
segment is rhomboidal. If both lateral plates 
are wide, then the dorsal plate is reduced at 
its latero-proximal margins and becomes fan- 
shaped, and if a single lateral arm plate is 
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widened, then the dorsal arm plate is elipsoidal. 

With the amount of variance in taxonomic 
characteristics it is tempting to subdivide this 
species, however, except for one type, a study 
of juvenile morphology tends to support other 
authors who find O. scolopendrina is a highly 
irregular taxon (Clark and Rowe, 1971; De- 
vaney, 1974). 

Reproduction. and growth: In southern 
Taiwan O. scolopendrina generally spawn in 
the months of May and June; During these 
months field collections contain many indivi- 
duals with swollen gonads protruding through 
the genital slits. 

Fertilization is achieved at low tide as the 
males abruptly release clouds of sperm into 
intertidal pools, which are the habitat of this 
species, while the females slowly release eggs 
over a period of about three hours into the 
sperm containing water. Females continue to 
‘shed eggs after they are collected, whereas the 
testes of collected males remain intact and 
sperm is not released. 

Sperm and the testes are whitish in color. 
The spherical head of the sperm is 7 џи in 
diameter and a small, round  midpiece is 
present which joins to the tail that is about 
35 и in length. The egg and ovary are 
vermillion in color and the mature egg is 
about 210 џи in diameter. 

The collection of juveniles of O. scolo- 
pendrina range in disc diameter from 1.75 mm 
to 8mm at which size the females reach 
sexual maturity. The discs of the juveniles 
are consistantly of a dark, uniform, black or 
redish-brown color with small, irregular spots 
of lemon yellow around the margins of the 
disc. The center of the discs of the redish- 
brown group frequently have one or two 
small yellow spots (see Fig. 5 and 10). The 
disc is scaled up to about 3mm in diameter; 
at this size granules begin to appear on the 
disc and at 5mm the aboral surface is com- 
pleiely granulated. The "V" of granules on 
the oral surface of the disc is not present until 
the disc diameter is about 7 mm. 

Even the smallest specimens have three 
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characteristics that are found in the adults: 
1) There are four oral papillae on each side 
of the jaw, 2) Tooth papillae are present, 
although in the smallest specimens there are 
only three or four, and 3) The alteration of 
the number of arm spines is also evident in 
the smallest individuals. 

The tooth papillae increase in number and 
size as the juveniles grow, but 10 to 12. of 
these papillae are only found in the largest 
adults. The tentacle scales on Ше proximal 
arm segments are paired first with pairing 
evident more distally as growth proceeds. The 
enlargement of the most dorsal arm spines 
also keeps pace with juvenile growth. 

The juvenile color. pattern of the disc is 
retained to about 10mm size in many indi- 
viduals. 

Ecology and variation: In the rathe 
narrow intertidal zones of Taiwan the dis- 
tribution of O. scolopendrina extends from 
the upper littoral area to the seaward edge 
of the limestone platforms. Immediately sea- 
ward from the splash zone, where intertidal 
pools, pock-marked with small caves, are 
present, large O. scolopendrina are found 
using the caves as shelter. The average 
density of the large brittle stars in this first 
zone averages 11 animals per m’. Proceeding 
seaward, an area containing scattered matts of 
seaweed is found in which numerous smaller 
O. scolopendrina are found which generally 
have smaller upper-arm spines and which are 
errant. The average density of O. scolopendrina 
in this second zone is 10 per m’. In the third 
zone, nearest the seaward edges of the plat- 
forms, large, cave-dwelling O. scolopendrina are 
found at a density of 4 per m’. At the Mao- 
bi-tou site, this third zone contains juvenile 
O. scolopendrina at an approximate density of 
8 per m’, and no large animals of the same 
species. The water depth in the three zones 
varies with tide and wave action and in the 
first zone it ranges from 2cm to 12cm; in the 
second zone the range is from 5 cm to 150 cm; 
in the third zone the range is from 2cm to 
175 cm. | 
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At the San-pan-lu site in Liu-chiu-yu an 
unusual situation exists in which the littoral 
zone is divided into north and south segments 
by a freshwater stream. The southern segment 
is essentially a reef flat in which the normal 
variations of O. scolopendrina are found. 

The northern segment is dominated by 
basalt boulders, pebbles and terrigenous sand. 
Basalt pebble beaches are quite common along 
the coast of southern Taiwan, but spot checks 


of these beaches reveal no brittle stars, how- . 


ever, at the San-pan-lu site, 16 O. scolopendrina, 
d.d. 10-20 mm, were collected from beneath 
basalt and coral rocks; six of the group were 
of the type seen in Fig. 17. Because of the 
unusual habitat, the extreme variation of arm 
spines and their deep, rust-red color, I believe 
these should be considered as a separate 
species of Ophiocoma. Two of the specimens 
will be sent to A. M. Clark for evaluation, 
and if this is a new species, I would like to 
honor two Taiwanese colleagues by naming 
the new species Ophiocoma yulin. 

In the Philippines, on the island of 
Siquijor, a limestone platform similar to the 
platforms found in Taiwan contained large 
aggregations of O. scolopendrina, water depth 
12cm, density 56 per m^; all of these brittle 
stars which were grouped around clumps of 
Thalassia were small, d.d. 17-11 mm, their 
arms were extremely friable, and their move- 
ment was sluggish. 


17. Ophiomastix annulosa (Lamark) 
(Fig. 3a, b) 


Ophiomastix annulosa, Koehler, 1922: 329, PI. 72, figs. 
4,5; Clark and Rowe, 1971: 120, РІ. 19, fig. 2; 
Devaney, 1978: 280-284, figs. 1-3. 


Materials examined and localities: Taiwan 
—Fan-yen, 1 specimen, d. d. 28 mm; O-Luan-pi, 
1 specimen’ d.d. 32mm; Liu-chiu-yu, Du-tsai- 


ping, 1 specimen gravid female,d.d. 32mm, 


collector, P.W. Hsueh; Lan-yu, Yeh-yu, 2 
specimens, d.d. 21-29 mm, collector, P.W. 
Hsueh; Shuang-shih, 3 specimens, 1 gravid 


female, d. d. 25-31, collector, P. W. Hsueh. 
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Diagnosis: Both tooth and oral papillae 
are present. The disc is covered with spaced 
spines that are blunt-tipped, and the thick 
skin between the spines is red, patterned in 
black. The oral shields have black annular 
patterns. Frequently the dorsal-most arm 
spines are clavate. There are two tentacle 
scales, and the dorsal arm plates are rimmed 
in white. 

Remarks: Other than Ophiocoma scolo- 
Ophiomastix annulosa is the most 
common brittle star in Taiwan; O. annulosa 
was not found in the Philippines. The habitat 
of this species is rather specific in that these 
animals inhabit the top 1.5 meters of limestone 
pillars that are placed some distance from the 
edges of the limestone platforms that are 
common in Taiwan. The tops of the pillars. 
are covered with seaweed (the dominant genus 
being Acanthophora), and are subjected to 
breaking waves, and due to the high popula- 
tions of Sipunculoid worms and Echinometra | 
mathaei, contain many caves and tunnels. 
Large O. annulosa dwell in these caves and 
tunnels at an estimated density of eight per 
m?. These robust brittle stars occupy caves 
that have back exits, and when they are 
molested they rapidly retreat deeper into the 
rock. Gravid females are found in the months 
of March and April; the ovaries and eggs are 
cream-colored. 


pendrina, 


18. Ophioneris porrecta (Lyman) 


Ophioneris porrecta, Clark and Rowe, 1971: 122; 
Devaney, 1974: 174-175. 


Materials examined and locallities: Taiwan 
—Fanyen, 1 specimen, d.d. 8 mm. 

Diagnosis: Only oral papillae are present. 
The disc is evenly scaled dorsally and ventrally. 
Arms insert below the disc and are not 
strongly fused to the dorsal margin of the 
disc. Pairs of supplementary arm plates are 
obvious on the proximal two-thirds of the 
arms. Rows of papillae line the genital slits 
to the ventral margin of the disc. The dorsal 
arm plates are hexagonal and are widest 


proximally. 
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TABLE 2 3 
Ophiuroidea distribution 


Taxa Philippines China Sea Taiwan This paper 


OPHIOMYXIDAE 
Ophiomyxa australis 

EURYALIDAE 
Euryale aspera 


GORGONOCEPHALIDAE : 
Astrocladus exiguus 


AMPHIURIDAE 
Amphipholis misera 
Dougaloplus acanthinus 
Amphiura luetkeni 
Ophiocentrus inaequalis 
Ophiostigma rugosum 


OPHIACTIDAE 
Ophiactis fuscolineata 
O. maculosa 
O. savignyi 


OPHIOTRICHIDAE 
Macrophiothrix elongata 
M. expedita 
M. koehleri 
M. longipeda 
M. lorioli 
Ophiocnemis marmorata 
Ophiogymna elegans 
Ophiopsammium sempri 
Ophiopteron elegans 
Ophiothela danae 
Ophiothrix ciliaris 
elegans 
. Savignyi 
. trilineata 
. (Acanthophiothrix) proteus 
. (Keystonea) propinqua 
. (Keystonea) vicina 
. (Placophiothrix) fumaria 
. (Placophiothrix) hybrida 
. (Placophiothrix) striolata 
. (Theophrix) pusilla 


OPHIOCOMIDAE 
Ophiarthrum elegans 
O. pictum 
Ophiocoma revipes 
O. dentata 
O. erinaceus 
O. pica 
O. scolopendrina 
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TABLE 2 


Ophiurodea distribution (continued) 
rcr qc Cd — ————ÁÉA— A —— E 


Taxa Philippines China Sea Taiwan This paper 
Ophiomastix annulosa * 4- (Wu, 1982) T 
O. corallicola | D 
O. flaccida * 
O. mixta * 
OPHIONEREIDAE 
Ophionereis amoyensis * 
O. dubia $ 
O. porrecta + T 
OPHIODERMATIDAE 
| Ophiarachna incrassata + + (Koehler, 1922) P, P 
Ophiarachnella infernalis ж 
O. septemspinosa + ж р 
Ophiochasma stellatum ж 
OPHIURIDAE 
Ophiolepis cincta * 
O. Superba * 
Ophioplocus imbricatus | * 
O. japonicum (Sato, 1938) 
* 


Ophiura kinbergi 


— U J MEME nnn 


Remarks: The specimen was found under 
limestone rocks on a sandy bottom at about 
2.5 m depth. 


19. Ophiarachna incrassata (Lamarck) 


Ophiarachna incrassata, Koehler, 1922: 336, Pl. 4, 
fig. 7; Clark and Rowe, 1971: 123, Pl. 20. fig. 4. 


Materials examined and localities: Philip- 
pines—Sumillon, 1 specimen, d.d. 19 mm,; 
Taiwan—Mao-bi-tou, 2 specimens, d.d. 11- 


2] mm. 

Diagnosis: Only oral papillae are present; 
no tooth papillae. The arms are well joined 
to the disc and bear four long spines per 
segment side. The disc and arms are a grass 
green with black-ringed yellow spots on the 
disc and yellow lines marking the border of 
each laterai arm plate. 

Remarks: In the Philippines the specimen 
was found at 2m on a submerged limestone 
platform. In Taiwan O. incrassata were found 
in an intertidal pool (5m in diameter) under 
rocks at a depth of one meter. 


III. Echinoidea systematics 


(Table 3) 


20. Chaetodiadema granulatum (Mortensen) 
Chaetodiadema granulatum, Rowe, 1971: 152. 


Material examined and localities: Taiwan— 
Liu-chiu-yu, Lung-hsia-tung, 1 specimen, h.d. 
94mm; Lan-yu, Man-tou-shan, 7 specimens, 
h. d. 41-80 mm. 

Diagnosis: The test is rigid with per- 
forated, crenated tubercles. Primary tubercles 
are reduced on the oral side and the pore 


pairs form straight lines ventrally below the 


ambitus. The spines are hollow and reddish 
black in color. 
Remarks: ‘This species exists on the 


seaward edge of limestone platforms at a 


depth of 2-5 m. 


21. Diadema setosum (Leske) 


Diadema setosum, Hayasaka, 1948: 28; Clark and 
Rowe, 1971: 153, Pl. 24, fig. 1. 
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Materials examined and localities: Taiwan 
—Lan-yu, Shuang shih, 1 specimen, h.d. 40 
mm; Lan-yu, Man-tou-shan, 1 specimen, h. 4. 
51 mm; Liu-chiu-yu, Du-tsai-ping, 1 specimen, 
h.d. 23mm, Liu-chiu-yu, Lung-hsia-tung, 2 
specimens, h.d. 31-42 mm. 

Diagnosis: 
(epiphyses are 


Aristotle's lantern is aulodont 
lacking and the teeth are 
grooved, not keeled). The test is rigid with 
perforated, crenulated tubercles. The hollow, 
barbed spines are all of the same type on the 
aboral surface and there is a red ring around 
the anus. 

Remarks: D. setosum is usually found at 
depths of 3-10m, and are not especially 
abundant in the collection sites. 


22. Echinothrix calamaris (Pallas) 
Echinothrix calamaris, Clark and Rowe, 1971: 153. 


Materials examined and localities: Taiwan 
—Lan-yu, Man-tou-shan, 3 specimens, h. d. 38- 
95 mm; Liu-chiu-yu, Lung-hsia-tung, 1 speci- 
men, h.d. 85 mm; Liu-chiu-yu, Du-tsai-ping, 2 
specimens, 42-85 mm. 

Diagnosis: Test rigid with ambulacral 
areas bulging outward on the aboral surface. 
Primary tuberacles are both perforate and 
crenulate and the large spines of the inter- 
ambulacral areas are band, ed. hollow, and 
ridged transversly. The dark green ambulacral 
areas are bare apically and mount fine, needle- 
line spines with barbs. The jaw structures 
are aulodont. 

Remarks: This species is usually found 
on rock that is covered with seaweed; although 
they have been observed at depths (20m or 
more) where vegetation is not abundant, Е. 
calamaris seems to prefer life-encrused lime- 
stone at from one to three meters depth. A 
behavioral characteristic of this species seems 
to be a response to the wave action at these 
depths. In rough water Ше thick spines of 
the interambulacrum are depressed to touch 
the surface of the rock. In this attitude the 
spines act as props for the animal and prevent 
it from being swept from the rock. 


107 


23. Echinothrix diadema (Linnaeus) 


Echinothrix diadema, Clark and Rowe, 1971: 153, 
Pl. 24, fig. 2. 


Materials examined and localities: Taiwan 
—Lan-yu, Man-tou-shan, 3 specimens, h. d. 38- 
95; Liu-chiu-yu, Du-tsai-ping, 2 specimens, 
h.d. 42-95; Liu-chiu-yu, Lung-hsia-tung, 1 
specimen, h. d. 85 mm. 

Diagnosis: The test is rigid with per- 
forated, crenulated pimary tuberacles. Aristo- 
tle’s lantern is aulodont and the  adoral 
ambulacral areas do not bulge outward. The 
spines are deep red-black, as is the skin on 
the test, and the spines are longitudinally 
ridged with small internal cavities. 

Remarks: This species is rather common 
in Taiwan and is collected from depths of 
from 2m to 10m. 


24. Stomopneustes variolaris (Lamark) 


(Figs. 8a, b, 17) 


 Stomopneustes, Hayasaka, 1948: 30, Pl. V, fig. 4; 


Clark and Rowe, 1971: 153, Pl. 23, fig. 6. 


Material examined and localities: Taiwan 
—Lan-yu, Yeh-yu, 3 specimens, 45-63 mm; 
Wan-li-tung, 5 specimens, 52-71mm; Mao-bi- 


tou, 5 specimens, 48-75 mm. 


Diagnosis: The jaws are aulodont and 
the test is rigid with tubercles that are 
imperforate. The moderately long, solid spines 


are either round or triangular in cross-section. 
The color of the entire animal is black. 
Remarks: S. variloaris is found at depths 
of a few cm to 2m on the seaward edge of 
limestone platforms where there is strong 
wave action; they are seldom found in the 
calmer waters of the intertidal platforms. 


25. Tripneustes gratilla (Linnaeus) 


(Fig. 19) 
Hipponoe variegata, Hayasaka, 1948: 30, Pl. VI, fig. 
5. 
Tripneustes gratilla, Clark and Rowe, 1971: 156, PL | 
24, fig. 8. 


Materials examined and localities: Taiwan 
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Taxa China Sea 
CIDARIDAE 
Eucidaris metularia ж ж 
Prionocidaris baculosa * * 
P. verticillata * 
DIADEMATIDAE 
Chaetodiadema granulatum * 
Diadema savignyi * 
D. setosum * 
Echinothrix calamaris ж 
Е. diadema + 
STOMOPNEUSTIDAE 
Stomopneustes variolaris . 
TEMNOPLEURIDAE 
Mespilia globulus * * 
Salmaciella dussumieri * 
Salmacis bicolor * * 
Temnopleurus reevesi ж 
Т. toreumaticus * ж 
Temnotrema maculatum ж 
T. siamense * 
T. sculptum 
TOXOPNEUSTIDAE 
Pseudoboletia maculata * 
Toxopnuestes pileolus * * 
Tripneustes gratilla * 
PARASALENIDAE 
Parasalenia poehli ж 
ECHINEMETRIDAE 
Anthocidaris crassipina * 
Colobocentrotus mertensi + + 
Echinometra mathaei ж ж 
Echinostrephus aciculatus + 
E. molaris + 
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TABLE 3 
Regular echinoid distribution 


Heterocentrotus mammillatus 


Taiwan 


This paper 


(Chen and Chang, 


1981) 


(Chen and Chang, 
1981; Hayasaka, 
1948) | 


(Chen and Chang, 
1981) 


(Chen and Chang, 
1981) 


(Hayasaka, 1948). 


(Chen and Chang, 
1981) 


(Chen and Chang, 
1981) 


(Hayasaka, 1948) 


(Chen and Chang, 
1981) 


(Chen and Chang, 
1981) 

(Chen and Chang, 
1981) 


(Chen and Chang, 
1981) 


(Chen and Chang, 
1981) 


(Chen and Chang, 
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—Liu-chiu-yu, Du-tsai-ping, 6 specimens, h. d. 
1-49 mm; Fan-yen, 24 specimens, 38-53 mm. 

Diagnosis: Тһе test is rigid with imper- 
forate, uncrenulated primary tubercles. The 
interambulacra of the cleaned test are lavender 
and the gill slits are sharply cut and deep. 
Aristotle’s lantern is camarodont. One out of 
every two to four ambulacral plates bear 
primary tubercles; every interambulacral plate 
has a primary tubercle. The three pore pairs 
per arc are separated so that three vertical 
columns of pore pairs are evident. The 
globiferous pedicellariae are not constricted 
and have a single tooth. The color of the 
spines of preserved specimens is white and the 
test is gray, black, or black-green. 

In life, this species shows considerable 
color variation. The spines are never banded 
but are white, brown, rust, or orange. Tube 
feet are white with purple tips or solid purple 
and the skin of the test may be uniform white, 
dark green or blackish-red. The pedicellariae 
in the interambulacra are white or dark 
maroon, and they may be scattered or packed 
jn these areas. 
|. Remarks: Оп intertidal platforms, Т. 
gratilla is found in intertidal pools of from 
0.5 to 1m in depth. The sandy bottom of the 
cove at Fan-yen is covered with pieces of 
rock; this species was found on the rocks at 
an average density of 18 per m’ at a depth of 
2.5 m. | 


26. Echinometra mathaei de Blainville 
(Figs. 7a, b, 18) 


Echinometera mathaei, Hayasaka, 1948: 30, PI. VI, 
figs. 3, 4; Clark and Rowe, 1971: 157, P1. 23, 
fig. 5. 


Materials examined and localities: Taiwan 
—Lan-yu, Yeh-yu, 8 specimens, h. d. 18-35 mm; 
Liu-chiu-yu, Du-tsai-ping, 19 specimens, 1-23 
mm; Hai-kou, 18 specimens, h.d. 20-32 mm; 
Fan-yen, 4 specimens, 15-25 mm. 

Diagnosis: The test is oval, rigid and has 
imperforate, non-crenulated tubercles. The 
jaws are camarodont. The gill slits are 
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shallow and there are four pore pairs per arc. 
Color varies from gray to reddish black; dark 
green varieties are also common. 

Remarks: Е. mathaei is the most common 
sea urchin in Taiwan. They inhabit shallow 
burrows in the seaward face of limestone 
platforms at a depth of a few cm to 2.5m. 
The young of the species are usually found 
in the calmer waters of intertidal areas. 


27. Heterocentrotus mammillatus (Linnaeus) 


Heterocentrotus mammillatus, Hayasaka, 1948: 16-19, 

Pl. Ш, figs. 2, 3, 4; Clark and Rowe, 1971: 

158, Pl. 23, fig. 4. 

Materials examined and localities: 
—Wan-li-tung, 1 specimen, h.d. 55mm; Lan- 
yu, Tung-chin, three specimens, h. d. 42-83 mm, 
collector, Lin. 

Diagnosis: The test is rigid with non- 
crenulated non-perforate tubercles. The lan- 
terns are camarodont (epiphyses are present 
and the teeth are keeled, not grooved). The 
gill slits are shallow and the test is slightly 
ovate. The primary spines are massive and 
there are 10 pore pairs per arc. 

Remarks: The specimens were collected 
from the seaward edge of limestone platforms 
at a depth of 15-25 cm. 


Taiwan 


IV. Holothuroidea systematics 


(Table 4) 
28. Actinopyga echinites (Jaeger) 


Actinopyga echinites, Clark and Rowe, 1971: 196, Pl. 
27, fig. 1; Rowe and Doty, 1977: 228, figs. 2e, 
6c. 

Materials examined and localities: Taiwan 
—Liu-chiu-yu, San-pan-lu, 9 specimens, In 4.5- 
13cm; Liu-chiu-yu, Du-tsai-ping, 7 specimens, 
In 6-15 cm. f 

Diagnosis: Podia present and the body 
wall is thick. Tentacles are  leaf-shaped 
(pelate) and number 20-30. Single gonadal 
tree. Five calcified papillae are around the 
anus. Numerous dorsal papillae. Spicules are 
branched rods both large and small. 
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Remarks: This species is frequently found 
on intertidal reef flats in pools of the seaward 


zone. These animals are edible. 


29. Actinopyga mauritiana 
(Quoy and Gaimard) 


Actinopyga mauritiana, Clark and Rowe, 1971: 196, 
Pl. 27, fig. 3; Rowe and Doty, 1977: 228, figs. 
2f, 6d. 


Materials examined and localities: Taiwan 
—Wan-li-tung, 1 specimen, In 15cm; Liu-chiu- 
yu, San-pan-lu, 8 specimens, In 6.2-11.1 cm; 
Liu-chiu-yu, Du-tsai-ping, 4 specimens, In 6.5- 
12 cm. 

Diagnosis: Podia present without number- 
ous podia on dorsal surface. The. tentacles 
are pelate and there are more than 20. Single 
tuft of gonad. Anus surrounded by five 
calcified papillae. Spicules are long rods with 
lateral projections; branched rods are present. 

Remarks: A. mauritiana is found in the 
outer area of intertidal platforms and on 
submerged pillars in the subtidal zone at 
depths down to 6 meters. This species is 
eaten. 


30. Holothuria (Semperothuria) 
cinerascens (Brant) 


Holothuria (Semperothuria) cinerascens, Rowe, 1971: 
198, PL 27, fig. 12; Rowe and Doty, 1977: 
230, figs. 3c, 7h. 


Materials examined and locations: Taiwan 
—O-luan-pi, 1 specimen, In 7.5cm; Liu-chiu- 
yu, Du-tsai-ping, 2 specimens, In 8-11 cm. 
Diagnosis: Podia present with papillae on 
dorsal surface and pedicels ventrally. Body 
walls is thick and there is one tuft of gonads. 
Spicules include tables and rods and no 


rosettes. The tables have a reduced base and 


111 


when viewed from the top a maltese Cross 
design can be seen. 

Remarks: This species is found attached 
under rocks, on sand, at depths of 2cm to 
Im. 


31. Holothuria (Halodeima) atra Jaeger 


Holothuria (Halodeima) atra, Clark and Rowe, 1971: 
198, Pl. 27, fig. 11; Rowe and Doty, 1977: 230, 
figs. 3d, 7a. 

` Materials examined and localities: Taiwan 

—Liu-chiu-yu, San-pan-lu, 3 specimens, In 5.3- 

6.7cm; Liu-chiu-yu, Du-tsai-ping, 15 specimens, 

In 5.5-23 cm. 
Diagnosis: Podia present with а thick 

body wall. Tentacles pelate (20) and the 

gonads form a single tuft. The calcareous 
ring is robust with the radials longer than the 
interradials. Spicules are tables with a reduced 
disc, maltese cross pattern, and there are 
rosettes. This species is. black and usually. 
covers itself with sand, leaving a few spots 
bare; its ventral side is pink. ` | 

Remarks: Although there are few col- 
lected specimens, this species is quite common 
in the outer, seaward areas of intertidal plat- 
forms. Water depth 2cm to 2.5m. This 
animal is edible. 


32. Holothuria (Cystipus) rigida (Selenka) 


Holothuria (Cystipus) rigida, Clark and Rowe, 1971: 
200, РІ. 28, fig. 13; Rowe and Doty, 1977: 233, 
fig. 4d, 7f. | 
Materials examined and localities: Taiwan 

—O-Luan-pi, 1 specimen, In 5.5 ст; Liu-chiu- 

yu, Du-tsai-ping, 1 specimen, In 5.2 cm. 

. Diagnosis: Scattered podia ventrally with 
small pointed papillae covering the body, the 
wall of which is relatively thin. Spicules are 
squat knobby tables, fenestrated spheres, and 


Plate I 


Fig. 2. Ophiocoma dentata, oral view. х1/4. 
Fig. 3a. Ophiomastix annulosa, oral view. x 1/4. 
3b. 


О. annulosa, aboral view. x 1/2. 


Ophiocoma scolopendrina, oral view. Arrow shows double tentacle scale. 
1b. О. scolopendrina, aboral view. Arrow points to paddle-shaped spine. 


x 1/4. 
x 1/4. 
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TABLE 4 


Taxa 


Holothuriodea distribution 


China Sea This paper - 


HOLOTHURIIDAE 
Actinopyga echinites 
A. mauritiana 
Holothuria (Cystipus) rigida 
Holothuria (Halodeima) atra 
Holothuria (Semperothuria) cinerasens 


CUCUMARUIDAE 
Pentacta anceps 
P. armatus 
P. quadrangularis 
Plesiocolochirus spinosus 
Pseudocnus echinatus 
Slerodactyla mullipes 
Trachythyone typica 
Phyllophorus hypsipyrga 


SYNAPTIDAE 
Protankyra bidentata 
Synapta maculata 


eje le на 


> . | z 


buttons that usually have three pairs of holes | 


and are bulbus. The color is lemon-cream. 
Remarks: 
depths of 5cm to 1 meter. The bodies 


preserved specimens are “U” shaped. 


of 


33. Synapta maculata (Chamisso 
and Eysenhart) 


Synapta maculata, Clark and Rowe. 1971: 207, PI. 
30, fig. 9; Rowe and Doty, 1977: 234-235, figs. 
5a 8e. 


Material examined and locality: | Taiwan— 
Liu-chiu-yu, Du-tsai-ping, 1 specimen, In 11 cm. 
Diagnosis: No podia, body wall thin, skin 


Found attached under rocks at 


warty with small spines. 12 tentacles which 
are pinnate. Spicules, very large anchors, 
anchor plates and granules. Color reddish-tan 
with dark brown stripes. 

Remarks: Found in deep intertidal pools 
(1-2 m) in association with large basalt and 
limestone boulders. 


DISCUSSION 


With the exception of the intertidal plat- 
forms at Liu-chiu-yu, the littoral area of 
southern Taiwan consists of a thin band of 
wave-punished limestone rock that is inter- 
dispersed with shallow intertidal pools which 


x 3/4. 


Scale is im cm. 


Plate II 
Fig. 4. Macrophiothrix longipeda, oral view. х 1/4. 
Fig. 5. Juvehile Ophiocoma scolopendirna, black type, aboral view. 
Fig. 6. Jaw structure of O. scolopendirna. ЖТ.5. 
Fig. 7a. Тез and lantern of Echinometra mathaei, top view. 
7b. Test of E. mathaei, side view. Scale is in cm. 
Fig. 8a. Test of Stomopneustes variolaris, top view. Scale is in cm. 
8b. Test of S. variolaris, side view. Scale is in cm. 
Fig. 9. Macrophiothrix longipeda, aboral view. ж1/2. 


Fig. 


Juvenile Ophiocoma scolopendrina. brown type, aboral view. 


X 3/4. 
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receive heavy rainfall and are exposed to 
atmospheric temperature changes. The coves 
studied are not true intertidal zones, but do 
contain relatively calm, shallow water over a 
rock and sand substrate, a situation that is 
found is some littoral areas. This cove and 
platform system present organisms with limited 
survival options because of turbidity in the 
coves and because of the constant wave action 
on the platforms. All organisms, such as 
short-spined sea urchins, cave dwelling brittle 
stars, limpets, and chitons, living on the plat- 
forms are adapted to a heavy surf situation. 
Sipunculoids, which are rarely found in the 
Philippines, find protection within the lime- 
stone rock itself. 

The high density of Sipunculoids probably 
causes extensive damage to the rock because 
they actively burrow in limestone (Rice, 1981; 
Rice and Macintyre, 1982). Since Sato (1938, 
1939) noted high densities of Sipunculoids in 
southern Taiwan in 1938, it is safe to assume 
that this situation has existed for several 
decades. It is highly probable that the con- 
version of platforms to rubble and sand will 
affect the coral populations of Taiwan, because 
coral needs a solid, non-shifting substrate for 
growth (Goreau, 1969). 

Reports on coral from southern Taiwan 
(Hiro, 1939; Randall and Cheng), Lan-yu 
(Kawagut, 1953), and Liu-chiu-yu (Yang, et 
al., 1975) demonstrate a remarkable diversity 
of the Scleractinians, and flourishing com- 
munities of corals and Comasteridian crinoids 
were observed in the deep, narrow grooves 
that penetrate the platforms studied. As 
Taiwan becomes more industrialized, care 
should be taken to protect the ecologically- 
delicate coral communities from over develop- 
ment and pollution since these communities 
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already seem to be endangered by the loss of 
appropriate substrate. Evidentally some marine 
ecosystems in Taiwan might be polluted 
(Chang, 1978), and the ecological picture that 
emerges from this study could indicate a 
polluted environment. 

Species diversity on the limestone plat- 
forms and in the coves is low when compared 
to the Philippines, and the platform-cove 
ecosystem is strongly dominated by only four 
species, Ophiocoma scolopendrina, Ophiomastix 
annulosa, Echinometra mathaei, and (Sipunculo- 
idea) Phascolosoma nigrescens. Low diversity 
in an ecosystem which is dominated by just a 
few species usually means pollution. However, 
there is an alternative interpretation of these 
observations, and this worker favors the 
alternative. | 

The platform-cove system in Taiwan is 
small in area and harsh in environmental 
circumstance when compared to the hundreds 
of square kilometers of the sandy-coral reef- 
turtle grass ecosystem present in the Philip- 
pines. For natural reasons, then, species 
diversity should be low and the Taiwan littoral 
zone should be dominated by the few species 
adapted to harsh environmental conditions. 
When the intertidal platforms at Liu-chiu-yu 
are compared to the platform at Siquijor, the 
Taiwanese intertial system is richer in species 
diversity. Finally, productivity data and dis- 
solved oxygen measurements indicate excellent 
water quality in southern T aiwan (Hung, 
1978). In short, it is believed that speciation 
in the areas studied is the result of natural 
processes and is not greatly affected by pol- 
lution at this time. 

Acknowledgements: The author wishes to 
thank Dr. K. H. Chang and T. H. Tan for their 
help on this project. 


Plate Ш 


prt 
Fig. 11. 
Fig. 12. О. scolopendrina, aboral view. 
| plates. х1/4. 
Fig. 13. 


Fig. 14. Ophiocoma sp. aboral view. 


O. scolopendirna, aboral view. Arrow shows elongated dorsal spine. 
Arm segment A, thin, banded spines. 


Ophiocoma scolopendirna, aboral view. Spines are about the same size. х1/4. 
Arrows show bottle-shaped spines, and wide dorsal arm 


x 1/4. 
Segment B, flat, leaf- 


shaped spines. Segment C, thin spines. «1/4. 
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Fig. 15. Leiaster glaber. х3/32. 

Fig. 16. Monachaster sanderi, oral view. x 1/4. 

Fig. 17. Stomopneustes variolaris, aboral view. x1/4. 
Fig. 18. Echinometra mathaei, aboral vjew. x 1/4. 
Fig. 19. Tripneustes gratilla, aboral vjew. x1/4. 


Fig. 20. 
Fig. 21. 


Monarchaster sanderi. aboral vjew. »x1/2. 
Culeita novaeguineae, aboral vjew. x1/8. 
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